1 Δ in the Hubert space X = L 2 (R N ', μ(χ)άχ), where Δ is the Laplacian in R N , and μ(χ) is a positive simple function on R N . Let S be the surface on which μ is discontinuous (the separating surface). So far the stratified media in which the separating surface S consists of parallel surfaces have been vigorously studied. Also the case where S has a cone shape has been discussed. In this work we shall deal with a new type of discontinuity which we call cylindrical discontinuity. Under this condition we shall use the limiting absorption method to prove that H is absolute continuous. Our method is based on a priori estimates of radiation condition term.
§1. Introduction
Consider the differential expression be the unit outward normal of Q t at A:e5 i = 5' . Obviously we have n (1) (x) + n (2) (x) = 0 for χ e S. Eidus [6] considered the operator H under the following assumptions: there exist positive constants c± and c 2 such that (1.8) \n^(x)\> Ci (xeS), and (1.9) |x-n (1) (*)|<e 2 (xeS · n (l \x) is the inner product ofx andn (l \x) in R N . Note that a cone having its vertex at the origin and the positive %-axis s its axis satisfies (1.8) and (1.9). Imposing the above assumptions, Eidus [6] proved the limiting absorption principle for H, that is, by denoting by R (z) the resolvent of H, the limits (1.10) lim (A±/fi) = ± (A) in B (L 2tl (R N and B(X, 7) is the Danach space of all bounded linear operators from X into F. Then, Saitö [13] showed that L 2ti (R N ) and L 2 ,-i(Ä N ) in (1.10) can be replaced by L 2tö (R N ) and L 2 ,-ö(R N ) with > 1/2, respectively. This means that the limiting absorption principle for H holds on the same weighted L 2 spaces äs are used for the Schrödinger operator (cf. Agmon [1] , Ikebe-Saitö [7] and Saitö [11] ). Then Roach-Zhang [10] has shown that u = R ± (X)f, where > 0 and /e L 2^( R N ) with > 1/2, is characterized äs a unique solution of the equation ( 
1.12) (-( ^-) =/
with the radiation condition (1.13) lim B R being the ball with radius R and center at the origin. The condition (1.13) is a natural extension of the radiation conditions for the Schrödinger operators ( [7] , [11] ). [10] also gave another proof of the limiting absorption principle for H. In this work we are going to show the limiting absorption principle for H whose separating surface S satisfies a new condition (see Assumption 2.1) so that we can treat, for example, the case where is an infinite cylindrical domain. Our proof of the limiting absorption principle will show that not only the uniqueness of the solution but also the existence of the limit (1.10) can be proved through the estimate of the radiation condition term The method demonstrated here can be applied to some other cases where the number of the media is more than 2 or infinitely many (multimedia cases). We shall discuss these cases with its short-range or long-range perturbation elsewhere ( [9] ).
Another multimedia problem which has been discussed extensively is the stratified media in which the coefficients of the operator are the functions of x f E R k er R N 9 k< N. Some perturbed operators of the above type have been discussed, too. Here we refer Wilcox [16] , Ben-Artzi-Dermanjian-Guillot [2] , Weder [14] , [15] , DeBievre-Pravica [4] , [5] , Boutet de Monvel-Berthier-Manda [3] , and Zhang [17] . In [5] S. DeBievre and D.W. Pravica proved that there is no point spectrum for the stratified propagators without any additional conditions other than sufficient smoothness of the coefficients at infinity. This is an extension of R. Weder [14] . In this work and also in the work [6] , [13] , and [10] , we are interested in the non stratified case, in which it seems that the absence of the point spectrum ean not be obtained without imposing some additional conditions. In § 2 we introduce the conditions on the separating surface S and the function μ(χ). In §3- §6 we assume that N >3. The uniqueness of the solution of the equation (1.12) with (1.16) liminf f |®w| 2 dS = 0, *->«> S R where S R is the sphere with radius R and center at the origin, will be shown in § 3. Our starting point in § 3 is an identity involving the radiation condition term 2 u (Proposition 3.3). This is an extension of a similar identity in the case of Schr dinger operator ( [7] , [12] ). Proposition 3.3 is also used in §4, where an estimate for the radiation condition term <£)u is given. In § 5 some more estimates for u = R (z)/ will be given, and these estimates are combined in § 6 to give the proof of the limiting absorption principle for H. We discuss the case that N = 2 in § 7 since we treat this case in a slightly different way although the result is rather similar to the case of N > 3. As for some technical details of the computations and arguments appeared in §3- §7, we refer to J ger-Sait [8] .
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with its inner product (,) x and || ||^ given by
where h is given by (1.1). It is easy to see that H is a selfadjoint operator in X. § 3. The uniqueness of the solution
In this and the following three sections we assume that N > 3. In order to discuss the uniqueness of the solution of the inhomogeneous equation 
, where the branch is taken so that Imfc(x, z) ^ 0; 
where.for 0 < r < R < oo, /? r w s in (3.6), am/ J? = {x e R N : \x\ < R} is an open ball with origin 0 and radius R.
Proof. Since F(x) can be approximated by a sequence of C 1 functions in a neighborhood of S, we may assume that F is a C 1 function. For ε > 0 set
where dist(x, S) is the distance between χ and S, and let χ 5 , ε (χ) be the characteristic function of the set S s . Then we have by an easy computation
BR
The equality (3.10) (for smooth F) is obtained by dividing both sides of (3.12) by ε and letting ε 1 0, which completes the proof. G ( (3. 18)
ii) Lei φ(χ) = ξ(\χ\) andlet ξ be a real-valued, continuousfunction on
The function φ satisfies the conditions given in Proposition 3.3 and Lemma 3.5. Then it follows from (3.7) in Proposition 3.3 with / = 0, b = 0, k = γλμ(χ) and Lemma 3.5, (ii) that, for any R > R 0 > r > 0, 
Sr\Bn
Here the last inequality follows from (2.2) in Assumption 2.1. Since ueH 2 (R N ) loc with JV > 3, it follows from the Hardy inequality that u/r is locally L 2 (R N ), and hence the second term of the right-hand side of (3.19) tends to zero s r -» 0 along a suitable sequence {r w }> i.e., (3.21) J s r m -> 0. The last two terms of the right-hand side of (3.19) tend to 0 s r j 0, since their integrands are integrable. Thus we have
Therefore, by letting R -» oo along an appropriate sequence {R m } 9 the right-hand side of (3.22) becomes 0, i.e., we have, .2) and satisfies the condition (3.3), u is identically zero, which is a contradiction. Suppose that is an eigenvalue of H and u is the corresponding eigenfunction. Then u becomes also an eigenfunction of the operator -Δ and λ = 0 becomes an eigenvalue of -Δ, which is again a contradiction since -Δ does not have eigenvalue λ = 0. D Finally we shall show that the radiation condition In order to show the theorem we need a lemma. We are going to evaluate each term of the left-hand side and the right-hand side of (3.7). Here we set 0 < r < l < R. Using the estimates for the radiation condition term Q)u (u = R(z)f), which were given in the preceding section, we are going to prove several uniform boundedness estimates for R(z). At the same time the first theorems (Theorems 5.1 and 5.2) will prepare the arguments given in § 6, where we shall discuss the limiting absorption principle for the operator H. Note that e(z)~l < l/l/2|zj. Then, by setting s = 0 in (5.12) and using Theorem 4.1, it follows that there exists a positive constant Q = C l ( ) such that By the use of the results established in §3, §4 and §5, we can show the limiting absorption principle for the operator H in R N with N >3 using the arguments used to prove the limiting absorption principle for the Schr dinger operator (e.g., [l 1], [7] ).
First we shall define the boundary value R ± (λ), λ > 0, of the resolvent R(z) when z = λ -h ιη -> λ. 
Then the resolvent R(z) will be extended on each of D ± by the use of ± (/l), i.e., for z e D + we set and for z e IL we set (6. The next proposition will be used when we prove continuity of R(z) with respect to z and the compactness of the operator R(z). 
(i) Then the extended resolvent R(z) is a B(L 2>d (R N ), H-d (R N ))-valued continuous function on each of D+ and £>_. (ii) For any z€ D + for D_J, R(z) is a compact operatorfrom L 2 ,ö(R N ) ™to H-d (R N ).

Proof. (I) The proof of (i). Suppose that there is z 0 eD + at which R (z) is not continuous in the topology of B(L 2 , Ö (R N ), H-d (R N )).
We may assume that z 0 = A 0 > 0, since the other case can be handled more easily. Then there exist 0 > 0 and sequences 
) (cf., e.g., [8] , Proposition A.3 in Appendix A.2). This completes the proof (III) Proof of (ii). Let {f n } be a bounded sequence in L 2^( R N ). We may assume with no loss of generality that the sequence {f n } converges weakly in L 2td (R N ). The weak limit will be denoted by^· Then, applying Proposition 6.4, we see that there exists a subsequence {/i k }r=i suc h that
as k -> oo, which completes the proof of (ii). D In the two dimensional case, the constant C N given by (3.8) takes the value c 2 = -1/4 < 0 although C N > 0 for all N > 3. Because of this, we are going to make some technical changes in the theory which was developed in § 3- § 6. Also we should note that u/\ \ is not necessarily integrable around = 0 for u e H 2 
Uniqueness of the solution
The uniqueness theorem takes the following form: with α > 0. We do not take the trouble to write down these two dimensional versions since they are now quite obvious.
The evaluation of
Consider u given by (7.15) (u = (feL 2 , 6 (R 2 ). . Set in (3) (4) (5) (6) (7) , where (7.18) {(r) =
(1 + r) 2 We can evaluate term in (3.7) in quite a similar manner s in the proof of Theorem 4.1 except the fourth term / L4 of the left-hand side which is non-positive in our case because c 2 = -1/4 < 0. The term -I L4 can be evaluated s (see, e.g., Eidus [6] , [13] , Lemma 2.1), where C l = £^(μ 0 , (5), C 2 = C 2 (c, </), and C 3 = C 3 (c, J, μ). Thus, using (7.19) and (7.21), we can proceed s in the proof of Theorem 4.1 to obtain (7.16), which completes the proof. D
The following corollary is now obvious. 
Boundedness of R (z) and the limiting absorption principle
The following theorem can be proved in quite the same manner s in the proof of Theorem 5.1. Let H l (R 2 ), j = l, 2, be defined in § 5 with N-2. In order to obtain the counterpart of Theorem 5.4, we prepare Now we can proceed s in §6 to obtain the limiting absorption principle for H withAT=2. On the other band, the constant C in Proposition 7.5 is not constructive in our method, and hence the constant C in Theorem 7.6 is not constructive, too.
